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Abstract 
A set of sonar system depending on acoustic signal for communication, orientation estimate, and 
environment identification has been formed by cetacean in the long-term evolving process. Compared 
with human development of such system, bio-sonar system is characterized by stronger anti-jamming 
ability, higher precision, better capability of identification, etc. It has great significance to study, analyze 
and classify cetacean sounds, not only for the protection of halobios but also for the mystery of cetacean 
and the development of the bio-sonar. This paper expounds some general methods for monitoring 
cetacean, analyzing and summarizing the characteristics of cetacean acoustic signals based on time-
frequency analysis, which lays the foundation for the recognition of cetacean acoustic signals. Finally, 
this paper introduces two category methods which often used during the process of cetacean acoustic 
signal recognition. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Whales, dolphins and porpoises are all called cetacean, belonging to large marine organism, which 
have experienced the severe changes from land to ocean. A set of sonar system depending on acoustic 
signal for communication, orientation estimate, and environment identification has been formed by 
cetacean during the long-term evolving process. Compared with human development of such system, bio-
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sonar system is characterized by stronger anti-jamming ability, higher precision, better capability of 
identification, etc [1]. Yangtze River dolphin mainly distributes in the main stem of the Yangtze River and 
part area of the Poyang Lake. As the high turbidity and low visibility of the river, sound is the most 
efficient for communication and environment identification [2]. Therefore, it has great significance to 
study, analyze and classify cetacean sounds, not only for the protection of halobios, but also for the 
mystery of cetacean and the development of the bio-sonar [3,4].  
In retrospect, cetacean sounds study and analysis started in the 1950s and 1960s, monitoring methods 
and data-logger have been developed rapidly over the past several decades, and a variety of cetacean 
sounds were recorded and classified in different waters of the world [5,6,7]. 
2. Monitoring methods and signal processing of cetacean sounds 
Cetacean occurrence is currently assessed using visual surveys or passive acoustic monitoring, 
whereas acoustic monitoring is extensively used as farer survey distance, longer monitoring period and 
less weather-dependent [8]. Many research institutes have devoted to develop data-loggers of broadband, 
high data throughputs and low consumption. The data-logger ranges from simple system consisted of just 
one single hydrophone to highly complicated complexity system. The advanced data-logger consisted of 
four ultralow-noise stereo sigma-delta 24-bit A/D converters at a sampling frequency of 192 kHz, 
allowing for a usable bandwidth up to 80kHz, with a total data rate of 36.864 Mb/s, can operate 
continuously for one year at low sampling rate [9]. With the mighty support of advanced data-logger, a 
large number of valuable original materials have been recorded. 
Cetacean sound is non-stationary signal and traditional signal processing methods are not proper for it. 
Traditional signal processing methods, such as FFT, are a fully time domain or fully frequency domain 
transform and cannot provide the frequency information at any local time segment. Time-frequency 
analysis can be applied to analyze non-stationary signal which could display the change of signal energy 
on two dimensional images. After time-frequency analysis, cetacean sounds are then conducted using 
signal processing toolboxes for time and frequency domain processing to extract attributes, through which 
the expected signal is recognized, and characteristics of interference signals extracted [10]. 
3. Attributes of cetacean sounds 
Based on the physical function and behavior characteristics, cetacean sounds can be classified into 
whistles and clicks [11].  
3.1. Whistle 
Whistles are widely spread across species, playing crucial social role and thus should be termed “calls”. 
Whistles belonging to frequency modulated signal have a narrow bandwidth which mainly concentrates 
on the section of the audio range. Generally whistles appear in the form of series in which there are 1 to 9 
whistles. Every whistle lasts several hundred milliseconds, and there are different intervals ranging from 
several hundred milliseconds to 2 seconds every two whistles. 
As a communication signal, whistles are emitted before making sure the accurate location of the target 
so the signal has some characters of extensive covering power and wide-beam. 
Fig. 1 depicts the time domain waveform of a single dolphin whistle, and the time-frequency 
representation of the signal is shown in Fig. 2. Fig. 3 depicts the time domain waveform of dolphin 
whistles, and the time-frequency representation of the signal is shown in Fig. 4. 
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Fig.1  Time domain waveform of a single dolphin whistle is depicted. The signal lasts approximately 1.5s, and the amplitude is 
normalized.  The signal widely spread across species, playing crucial social role and thus should be termed “calls”. 
Fig.2  Time-frequency representation of a single dolphin whistle is shown. Whistles belonging to frequency modulated signal have a 
narrow bandwidth which mainly concentrates on the section of the audio range. 
Fig.3  Time domain waveform of dolphin whistles is depicted. Generally whistles appear in the form of series in which there are 1 to 
9 whiles. Every whistle will last several hundred milliseconds, and there are different intervals ranging from several hundred 
milliseconds to 2 seconds every two whistle. 
Fig.4  Time-frequency representation of dolphin whistles is shown. Whistles belonging to frequency modulated signal have a 
narrow bandwidth which mainly concentrates on the section of the audio range. 
2925Zhang Liang et al. / Procedia Engineering 29 (2012) 2922 – 29264 Author name / Procedia Engineering 00 (201 ) 000–000 
3.2. Clicks
Clicks are used for echolocation, which usually last several hundred milliseconds and mainly 
concentrate on the section of ultrasound. A typical whale vocalization lasts between 100 and 200 
milliseconds and may have several harmonics in the frequency band of 5-20 kHz. Fig. 5 depicts the time 
domain waveform of whale clicks, and the time-frequency representation of the signal is shown in Fig. 6. 
As an echolocation signal, clicks have some characteristics of narrow-beam and energy concentration. 
Meanwhile, wideband signal can carry more parameter information besides orientation information, such 
as size, shape and material, etc. 
Fig.5  Time domain waveform of whale clicks is depicted. A typical whale vocalization lasts between 100 and 200 milliseconds and
may have several harmonics in the frequency band of 5-20 kHz. 
Fig.6  Time-frequency representation of whale clicks is shown. Clicks are used for echolocation, which usually last several hundred 
milliseconds and mainly concentrate on the section of ultrasound. 
4. Identification of cetacean sounds 
Based on the analysis of section 3, there are many differences in duration, frequency range and interval 
of cetacean sounds. Therefore, cetacean sounds can be identified based on these differences and the 
precondition for identification is to establish the sound warehouse consisted of many type known 
cetacean sounds. 
Identification methods fall roughly into two categories. In the first, a spectrographic representation of a 
special sound is convolved with a type known sound to produce a detection function; if the detection 
function exceeds a threshold, a detection of the sound type is considered to have occurred. The second 
method identifies all sounds in a spectrogram, extract attributes of those sounds, and then classify the 
sound based the similarity of these measured attributes to those of several call types comprised of 
hundreds of exemplars [12]. 
5. Conclusions 
The many successes of research on marine mammals range from specie diversification, environment 
analysis, biological evolution, and habitable environment. And it has great significance to study, analyze 
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and classify cetacean sounds, not only for the protection of halobios but also for the mystery of cetacean 
and the development of the bio-sonar. It is difficult to record and analyze cetacean sounds as the 
complicated, variable ocean environment. However, time-frequency analysis can be applied to analyze 
non-stationary signal which lays the foundation for the feature extraction and recognition of cetacean 
sounds.
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